Introduction
Recently there is a huge increase in the use of organic dyes in different industries e.g. food, textile, pharmaceuticals. These organics dyes are considered to be one of the most common sources of water pollution due to their non-biodegradability and high toxicity level towards a human being and aquatic creatures [1] [2] [3] . Therefore, the degradation of these dyes in an ecofriendly and energy efficient manner received widespread attention all over the world.
Different materials and techniques were investigated to achieve efficient and fast dye degradation using visible light. Among them, photocatalytic oxidation is considered to be the easier, efficient and low-cost process to degrade these organic dyes under irradiation of UV or visible light [4, 5] . Rhodamine B (RhB) is a highly water-soluble and toxic dye mainly used in textile, paper and pharmaceuticals industries. It causes severe allergy to respiratory organs, skin and eyes. Since it is highly soluble and stable in water it affects the aquatic creatures very badly. Therefore, control over this type of toxic and soluble organic dye is considered to be the most important issue for researchers [6] [7] [8] .
Bismuth ferrite (BFO) nanoparticles are considered a versatile material with lots of excellent and interesting applications in photovoltaic, solar cell, gas sensing, excellently visible light photocatalysis [9] [10] [11] [12] . Since BFO has a moderate band gap (2.2 eV) with a high thermal and chemical stability it can be a potential candidate for photocatalytic dye-degradation using visible light. But due to its high rate of electron-hole recombination it is still not considered to be a well-established photocatalyst. Measures have been taken to increase the recombination time of the electron-hole pair by producing different trapping centres, defects etc in the materials.
There are several reports on the photocatalytic effect of BFO nanoparticles where it has been demonstrated that either doping or by creating different morphologies it is possible to 4 increases the photocatalytic activity [13, 14] . Zhang [18] . The effect of La 3+ and Se 4+ co-doping was investigated by Irfan et al [19] . It was observed that on co-doping the band gap decreases from 2.06 eV-1.94 eV and photocatalytic degradation of congo red effectively increases. Also, there are several reports which confirm that suitable doping will definitely increase the catalytic activity of nanoparticles. Though the dye-degradation capability of BFO was well demonstrated by many groups in all the reports photocatalytic activity is achieved either by using UV light or some promoter likes H2O2 which are constrained for real-life application.
Nonetheless, the need of the hour is to design some novel materials/ systems such that degradation of dyes will be made very quickly, inexpensively using simple visible light at ambient condition without any promoter. In this work, we have taken up the challenge and reporting fast and efficient dye degradation capability of BFO nanoparticles towards RhB by doping with Mo. It works under visible light and without any promoter. Prepared Mo-doped BFO nanoparticles can also degrade other dyes (methylene blue, bismark brown) and the process is almost independent of pH.
Experiment

Materials and methods
ammonium heptamolybdatetrahydrate ((NH4)6Mo7O24·4H2O), tartaric acid (C4H6O6), rhodamine b (RhB), methyl blue, bismarck brown were procured from Merck India and used without further purification. water. This third solution was poured slowly into the above mixture and stirred for 1 h. The prepared solution was then put in the hot plate with a constant stirring of 7 h at 100 °C. 6 Finally, the dried gel was annealed at 600 °C for 2 hours for further used. Schematic of the synthesis procedure is displayed in Figure 1 .
Synthesis of Mo doped BFO nanoparticles
Characterizations
NETZSCH 44C was used to perform thermogravimetric analysis (TGA) within the temperature range of 30 ᵒC to 1000 ᵒC with a heating rate of 10 ᵒC/min. The structural characterization of the prepared powder were performed with the help of X'Pert pro MPD XRD (PANalytical) X-ray diffractometer fitted with Cu Kα radiation (1.5406 Å). The morphological information of the samples were extracted using Carl Zeiss make Supra 35 VP field emission scanning electron microscope (FESEM) and microstructural characterizations were carried out using Tecnai G2 30ST (FEI) transmission electron microscope (TEM).
Room temperature photoluminescence (PL) study was done using Horiba FluoroMax 4
spectrometer. The dye degradation experiment and light absorption capability of the sample were carried out with a UV-Vis spectrometer (CECIL Aquarius 7200).
Photocatalysis study
The photocatalytic study of doped and undoped BFO nanoparticles on organic dyes namely rhodamine b, methyl blue and bismarck brown were carried out using a UV-vis spectrometer under the illumination of normal visible light. In each experiment, 0.5 gm of catalyst were suspended in 100 ml of the aqueous solution made up of the different strong concentration of dyes (10 mg/l, 20 mg/l and 30 mg/l). Before any irradiation to visible light every time the suspension was kept in dark under constant stirring for 1 h. After this, the suspension is then irradiated with visible light under constant stirring for almost 1 h. During the whole process, 4 ml of suspension were collected and centrifuged at 10,000 rpm in a regular interval of time.
Then the concentration of the solution was measured using a UV-vis spectrometer. And to known the reusability of the sample, the whole suspension is centrifuged and washed properly to remove any leftover dye in it. Then the powder was dried and collected for reuse. The BET surface area of BFO and 0.1% Mo-doped BFO nanoparticles are measured from N2 absorption/desorption isotherm as shown in Figure 4 . The pore size and pore volume are also given in Table 1 . From the Table 1 it is clear that the surface area of bismuth ferrite nanoparticles increases on doping it with molybdenum ion. But the pore volume and pore radius remains almost the same. This increase in surface area may be due to the structural change occurs in the nanoparticles on doping. There are prominent peaks from molybdenum of 3p and 3d states. Small peaks located at 398 eV and 414 eV are due to the presence of 3p3/2 and 3p1/2 state respectively in the sample.
Results and discussion
There is a sharp peak at 232 eV which corresponds to 3d oxidation state of Molybdenum.
High-resolution core level spectra of 3d oxidation state of Molybdenum are carried out and two prominent peaks at 232 eV and 235 eV for Mo 3d5/2 and Mo 3d3/2, respectively are observed as shown in Figure 5 (b). XPS study clearly delineates the presence of iron, bismuth, molybodinum and oxygen only and no impurity. intensity was observed as the doping percentage increases. This implies that the recombination rate is slower for the doped BFO which means that more photogenerated charge carriers will be available for dye degradation [21] [22] [23] . It is to be noted here that 0. shows maximum degradation for RhB as shown in Figure 10 . time-dependent study shown in Figure 11 (d) it is evident that the degradation rate is very fast.
The dye degrades to almost 80% within 5 min of irradiations for 0.1% Mo-doped BFO samples. The enhanced catalytic effect of Mo-doped BFO towards RhB may be due to the fact that the doped sample has higher defect states confirmed from the photoluminescence spectra ( Figure 9 ).
Figure 12
Photocatalytic degradation of RhB on 0.1%-Mo doped BFO nanoparticles at different pH.
Since the pH of the solution plays an important role in space charge properties of the dye, we have checked the pH dependency of the sample. Here we observed that photocatalytic activity of the prepared samples almost independent of pH as delineated in Figure 12 and so it can be used in any conditions.
To quantify the kinetics we have fitted the experimental data's with Langmuir-Hinshelwood model, which is expressed as below,
Where C and Co is the concentration of RhB after time t and to, k is the rate constant and t is the irradiation time.
The kinetics fits very well (R 2 ~ 0.92) for all the samples as shown in Figure 13 . The rate constant of 0.1% Mo-doped BFO is the highest among all the samples. So this proves that Mo-doped BFO could be a promising catalyst which will be suitable for real application of dye degradation to clean industrial effluents very quickly, easily and inexpensively.
Conclusions
In summary, we have successfully synthesized molybdenum doped BFO nanoparticles using a simple chemical process. It is observed that doping of molybdenum increases the photocatalytic activity of BFO nanoparticles by four times under similar test condition.
Molybdenum-doped BFO nanoparticles demonstrate more than 80% degradation capability for rhodamine-B (RhB) while illuminating it in visible light for five min under the ambient condition without any heating or H2O2. The effect of other parameters like concentration and 18 pH delineates that dye degradation process is independent of pH while doped with molybdenum. Additionally, prepared materials can also degrade other dyes like methylene blue and bismark brown very efficiently. Dye degradation as a whole an adsorptionoxidation-desorption process which is modified due to doping. The enhanced and ultrafast activity of molybdenum doped BFO nanoparticles could be a synergistic effect of BFO and molybdenum oxide. Demonstrated results show that it is possible to design very fast and highly efficient dye degradation system for various organic dyes to clean industrial effluents using ordinary light in ambient condition without any promoter.
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